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ABSTRACT 
The increase in traffic growth nowadays need high maintenance expenditures 
because demands the urgent for building better, long-lasting and more efficient roads to 
prevent and minimize bituminous pavement distresses. The aim for this research is to 
determine the parameter of asphalt mixture properties as follow the requirement hot mix 
asphalt wearing course (ACW 14) in Standard Specification of Public Work Department 
Road Work. The investigate on the stiffness properties of HDPE as partial coarse 
aggregate additive and using several of mineral filler (Portland cement and lime) on 
wearing course by using Indirect Tensile Stiffness Modulus testing (ITSM) at 20°C. The 
different percentage of asphalt mixture HDPE were added in asphalt mixture such as 
2%, 4 %, 8 % and 10%. In this experimental, for mineral filler that were used is lime 
and Portland cement. The result obtained from the lab testing, all the material was 
archive to use in asphalt mixture. The maximum stiffness of modified asphalt mixture 
reach at 4% additive with recycled HDPE and 7% lime as mineral filler.
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ABSTRAK 
Peningkatan pertumbuhan kadar lalulintas pada masa kini memerlukan 
perbelanjaan penyelenggaraan yang tinggi kerana disebabkan oleh pembinaan yang 
lebih baik, tahan lama dan jalan lebih lancar dan dapat mengurangkan turapan 
menerima tegangan. Sebahagian daripada prinsip teganagan dalam turapan 
meningkatkan kerosakan kerana kehadiran air. Tujuan kajian mi adalah untuk 
menentukan sifat parameter campuran asfalt mengikut keperluan campuran panas asfalt 
memakai kursus (ACW 14) dalam Standard Spesifikasi Jabatan Kerja Raya Jalan Kerja 
di Malaysi. Penyiasatan sifat-sifat kekukuhan denagan menjadikan FIDPE sebagai 
sebahagian bahan tambah di dalam agregat kasar dan menggunakan beberapa pengisi 
mineral (simen Portland dan kapur) di lapisan permukaan dengan menggunakan alat 
ITSM pada 20 C. Peratusan HDPE yang berbeza telah ditambah di dalam campuran 
asfalt seperti 2%, 4%, 8% clan 10%. Dalam eksperimen ini, untuk pengisi mineral yang 
telah digunakan adalah kapur dan simen Portland. Keputusan yang diperolehi daripada 
ujian malcmal, semua bahan itu sesuai untuk digunakan dalam campuran asfalt. 
Kekukuhan maksimum didalam ubahsuaian campuran asfalt adalah 4% tambahan 
HDPE yang dikitar semula clan 7% kapur sebagai pengisi mineral.
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CHAPTER 1 
INTRODUCTION 
1.1	 Background of Study 
Road play important role in daily life because it can connect us between one 
another. Mostly road in Malaysia are using flexible and rigid pavement. Quantities of 
rigid type usage are slightly compared flexible type. Two bitumen layers which are 
wearing course and binder course can be found in conventional flexible pavement. To 
provide a durable, watertight, smooth-riding, and skid-resistant traveled surface, the 
wearing course is often constructed of dense-graded hot mix asphalt with polish-
resistant aggregate. The binder course generally has larger aggregates and less asphalt. 
The composition of the bituminous mixtures and the nominal top size aggregates for the 
two courses are determined by the intended use and desired surface texture (for the case 
of wearing course), and layer thickness (Depak, 2003) 
Stiffness is important to avoid occurrence of failure pavement due to traffic 
pressure. To obtain shear stiffness is using simple shear tester and for measured the 
strength using indirect tensile strength testing (Pellinen eta!, 2006). The other familiar 
failure for the pavement is rutting. Rutting is in the form of permanent deformation. 
Plastic is used for packaging, protecting, serving and even disposing of all kinds 
of consumer goods (Verma, 2008). Most plastic collected recycling from the house is 
plastic bottle. The majority of bottles are made from Polyethylene Terephthalate (PET) 
and High Density Polyethylene (HDPE). The use of polyethylene and polypropylene in 
waste plastic as bitumen modifiers has been analyzed and the results show an 
improvement in the quality of the binder and mix properties. Polyethylene has also been
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found to be one of the most effective polymer additives. The results show that modifier 
HDPE polyethylene blended provide better engineering properties. The recommended 
proportion of the modifier is 8% by the weight of bitumen content (Sagita, 2011). It is 
found to increase the stability, reduce the density and slightly increase the air voids and 
the voids of mineral aggregate. 
1.2	 Problem Statement 
Mostly road in Malaysia use flexible pavement type. Weather condition in 
Malaysia that sometimes rain are one of the factor will cause road damage. Rutting, 
fatigue cracking and thermal cracking is a failure that is always facing the flexible 
pavements (Bahia, 2006). A typical flexible pavement structure in Malaysia consists of 
asphalt mixture wearing and binder course, unbound granular base and sub base 
overlying the subgrade. 
Nowadays, the effect of plastic disposal would harmful to the environment. This 
is because plastic is a difficult to disposed in landfill. The total amount of plastic waste 
such as High Density Polyethylene (HDPE) and Polyethylene Terephthalate (PET) was 
increase and majority of waste plastic comes from these two types. By using HDPE 
(High Density Polyethylene) as additive in wearing course can reduce the effect of 
plastic in the environment beside that can improve the road life time. 
1.3	 Objective of Study 
The contents of asphalt mixture is graded mixture of course and mineral filler 
bound together with bitumen. In this study, the High Density Polyethylene (HDPE) are 
added to asphalt mixture as a course aggregate. The objective of this study will explain 
more clearly: 
1. To determine the aggregate and bitumen of asphalt mixture properties as 
follow the requirement hot mix asphalt wearing course (ACW 14) in 
Standard Specification of Public Work Department Road Work in Malaysia.
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2. To investigate the stiffness properties of HDPE as partial coarse aggregate 
additive and using several of mineral filler (Portland cement and lime) on 
wearing course by using Indirect Tensile Stiffness Modulus testing (ITSM) 
at 20°C. 
	
1.4	 Scope of Study 
This study is mainly based on laboratory experiment according in Public Work 
Department (PWD) requirement. The scope of this research is mainly divided into two 
parts which is design conventional and design modified asphalt mixture for flexible 
pavement. The sample proposed using as wearing course layer in flexible pavement. 
This AC14 aggregate gradation size is used in both conventional and modified asphalt 
mixture. Aggregate gradation ACM is used for wearing course layer. 
Aggregate gradation AC14 was mixed with bitumen 80/100 grade of penetration 
and use two type mineral filler which is cement and lime replace material in pan on a 
sample of the modified and unmodified. The addition of HDPE waste in pellet form at 
rate of five different percentage which is 2%, 4%, 6%, 8% and 10% for asphalt 
modification for the coarse aggregate. Indirect Tensile Stiffness Modulus (ITSM), 
Aggregate Impact Value (AIV), 10% Fine, Softening Point and Penetration Test had 
done on the conventional and modified mixture 10 evaluate it stiffness behavior on 20 
°C in order to achieve the objective of this research. 
	
1.5	 Significant of Study 
The HDPE is one of the plastic waste products that can be recyclable. By using 
HDPE waste in modified bituminous, it could an ability to improve permanent 
deformation in road pavement besides recirculation of plastic wastes as well as to 
protection of the environment (Sinan and Emine, 2003). Besides that, the additions of 
HDPE in the asphalt mixture show that the moisture susceptibility and temperature 
susceptibility can be reduced and increase the performances of conventional pavement 
mixtures (Attaelmanan, Feng and Al-Hadidy, 2011).
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In the pavement design it is essential to know the stiffness and fatigue properties 
of bound pavement layers. The stiffness is a key performance indicator for pavement 
design. The stiffness value greatly influences the pavement thickness in the design 
procedure; therefore it is paramount to know realistic stiffhess values of different 
asphalt mixes for the design of flexible or semi-rigid asphalt pavements. It should be 
noted that the fatigue performance of hot mix asphalt is of paramount importance in 
pavement design and the fine balance between stiffness and fatigue performance 
provides the most cost-effective pavement design option. This approach also provides 
the basis for perpetual pavement design (Laszlo, 2012). By improving the properties of 
stiffness of asphalt pavement it will increase the service life of pavement. The road 
which is can be used for long time duration consequently gives the government or 
private authorities benefit because can save the cost for road maintenance.
CHAPTER 2 
LITERATURE REVIEW 
2.1	 Introduction 
This chapter is divided by three parts which: Flexible pavement, asphalt mixture 
properties and material in pavement asphalt mixture including polymer which High 
Density Polyethylene (HDPE). The first part of this chapter is the review on flexible 
pavement. In this flexible pavement part, it consists of major component of pavement 
structure and flexible pavement failure. Beside that this part is only focusing on flexible 
pavement that commonly used in Malaysia. The flexible pavement structures are 
surface course, base, sub base, and subgrade. Meanwhile the flexible pavement failures 
are including permanent deformation, fatigue cracking and thermal cracking. 
The second part of this chapter is regarding to the asphalt mixture. There are 
several tests to evaluate the properties of asphalt mixture such the Indirect Tensile 
Stiffness Modulus Test (ITSM). Last part of this literature review describe about 
component is using on the pavement. The components such as aggregate, bitumen, 
polymer and mineral filler. 
2.2	 Flexible Pavement 
Flexible pavement consists of four layers of surface course, base, sub base and 
subgrade. Function of the pavement is to withstand the applied load of the vehicle such 
as a car, without changing the shape of pavement. A flexible pavement are made of
several layers of natural granular material covered with one or more waterproof 
bituminous surface layers, and as the name imply, is considered to be flexible. The 
design of a flexible pavement is to avoid the excessive flexing of any layer, failure to 
achieve this will result in the over stressing of a layer, which ultimately will cause the 
pavement to fail. In flexible pavements, the load distribution pattern changes from one 
layer to another, because the strength of each layer is different. The strongest material 
(least flexible) is in the top layer and the weakest material (most flexible) is in the 
lowest layer. The reason for this is that at the surface the wheel load is applied to a 
small area, the result is high stress levels, deeper down in the pavement, the wheel load 
is applied to larger area, and the result is lower stress levels thus enabling the use of 
weaker materials (Sharad and Gupta, 2013). 
There have two part of surface course known as wearing and binder. The 
wearing course is the top layer of road surface. This layer it's very important because it 
directly contact with traffic loads compared with the binder that was under wearing. 
This layer can distribute the load. The surface layer normally contains the highest 
quality materials. It provides characteristics such as friction, smoothness, noise control, 
rut and shoving resistance, and drainage. In addition, it serves to prevent the entrance of 
excessive quantities of surface water into the underlying HMA layers, bases, and 
subgrade (NAPA, 2001). 
Road base is the main structural layer of a pavement. In flexible pavement, it 
shall consist of bituminous mixtures, or a granular layer stabilized with cement, 
emulsion or similar materials or mechanically stabilized but otherwise unbound crushed 
aggregate road base or wet mix road base. Sub base shall consist of a layer of specified 
material composition, stiffness and thickness placed directly on the sub grade. It shall be 
considered lower road base that supports the upper road base and that aids in 
distributing traffic stresses. Sub grade is a soil or rock formation that forms the 
foundation of a pavement structure; it consists of a prepared cut or compacted fill. The 
pavement structure shall be designed so that stresses and strains due to traffic loads on 
the sub grade remain within tolerable limits. These limits are function of the elastic 
stiffness and bearing capacity of the sub grade and the traffic volume that a pavement is 
designed (PWD, 2013).
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2.2.1 Flexible Failure 
Flexible pavement is defined in terms of decreasing serviceability caused 
by the development of cracks and ruts. Their failure modes were identified as critical 
pavement distress modes in which the wearing plays an important role rutting, fatigue 
cracking and thermal cracking. Failures of pavements are caused due to traffic and 
moisture.
The fatigue cracking of flexible pavement is based on the horizontal 
tensile strain at the bottom HMA. The failure criterion relates the allow able number of 
load repetition to the tensile strain. Fatigue is typically seen as some form of cracking. 
Cracking found in pavements vary according to the root cause of the problem. Common 
types of cracking are fatigue or alligator cracking, longitudinal cracking, transverse 
cracking, block cracking, slippage cracking, reflective cracking and edge cracking. 
(Sharad and Gupta, 2013). 
The permanent deformation is one of the reason cause the pavement 
damage. The permanent deformation in pavement has long been recognized to include 
two different modes which is compactive deformation (consolidation of layer) and 
plastic deformation (asphalt shear flow) (Huang, 2004). 
2.3	 Pavement Mixture Design Properties Evaluation 
Pavement strength is important to avoid occurrence of failure pavement due to 
traffic pressure. To obtain shear stiffness is using simple shear tester and for measure 
the strength using indirect tensile strength testing (Report, F., Pellinen, 2005). Resilient 
modulus of asphalt mixtures, measured in the indirect tensile mode (ASTM D4123), is 
the most popular form of stress—strain measurement used to evaluate elastic properties 
(Tayfur, S., Ozen, H., and Aksoy, A., 2007).
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2.3.1 Indirect Tensile Stiffness Modulus Test 
Stiffness modulus is considered to be a very important performance 
characteristic of the road base and base-course layers. The ITSM test defined by BS DD 
213 is a nondestructive test and has been identified as a potential means of measuring 
this property. The test was performed by MATTA. The ITSM Sm in MPa is defined as: 
L(v + 0.27) 
Sm=	 Dt 
where L is the peak value of the applied vertical load (N), D is the mean 
amplitude of the horizontal deformation obtained from two or more applications of the 
load pulse (mm), t is the mean thickness of the test specimen (mm), and v is the 
Poisson's ratio (a value of 0.35 is normally used).. (Ahmedzade and Yilmaz, 2007). 
In the asphalt mixture, to describe stiffness modulus and the phase angle 
in terms of mechanical properties, sinusoidal loading tests can be a modelled using a 
complex modulus. The laboratory test result showed the influence of temperature, 
porosity, rise-time and load factors in the indirect stiffness modulus of bituminous 
materials. (J. Neves and A. Gomes-Correia, 2005). 
2.4 Bitumen 
Bitumen is used as binders in pavements constructions. Bitumen may be derived 
from the residue left by the refinery from naturally occurring asphalt. As per definition 
given by the American Society of Testing Materials, (APSM) bitumen has been defined 
as mixtures of hydrocarbons of natural or pyrogenous origin, or combination of both, 
frequently accompanied by their non-metallic derivatives, which may be gaseous, 
liquid, semi-solid or solid, and which are completely soluble in carbon disulphide. 
Bitumen found in natural state known as asphalt contains large quantities of solid 
mineral matter. When petroleum crude is refined in a refinery, they are separated by 
fractional distillation in the order of decreasing volatility. On distillation of the residual
bituminous residue, straight-run bitumen is obtained. This bitumen is known as 
penetration grade bitumen or steam refined petroleum bitumen. The grades of bitumen 
used for pavement construction is known as paving grades and that used for water 
proofing of structures is known as industrial grades. The grade of straight run bitumen is 
chosen depending upon the climatic conditions of the region in which surface dressing 
is to be constructed (Chavan, 2013). According to BS EN 1426, in the bitumen have 
many several of grade bitumen such as30/40, 50/60, 60/70 and 80/100. In Malaysia, a 
commonly used grade 80/100 for bitumen. Heavier grade cut backs, rapid setting 
emulsions or heavier grade tars may also be used. The grade of basic bitumen is altered 
either by controlled refining or by mixing with diesel oil or other oils. 
Figure 2.1: Sample of Bitumen 
2.5	 Aggregate 
Number of tests is recommended in the specifications to judge the properties of 
the aggregates, e.g. strength, hardness, toughness, durability, angularity, shape factors, 
clay content, adhesion to binder etc. Angularity ensures adequate shear strength due to 
aggregate interlocking, and limiting flakiness ensures that aggregates will not break 
during compaction and handling. The aggregates are bound together either by
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bituminous materials or by cement. In a few cases, the rock dust itself when mixed with 
water forms slurry which acts as a binding medium. The aggregates may be classified 
into natural and artificial aggregates. The natural aggregates again are classified as 
coarse aggregates consisting of crushed rock aggregates or gravels and fine aggregates 
or sand. The blast furnace slag obtained as by-product from blast furnaces is the one 
extensively used as road construction material. Stone aggregate used for road work 
should be hard, tough, durable and hydrophobic for bituminous surface. Gravel should 
be well graded (6.4mm to 38mm) and should have a rineness modulus of not less than 
5.75. Sand should be sharp, well graded, clean of all silts, clay and organic matter. 
(Chavan, 2013). Figure 2.2 shown the sample of aggregate. 
Figure 2.2: Sample of Aggregate 
2.5.1 Aggregate Gradation 
The gradation is refers to particle size of aggregate. It is usually 
described based on particle size distribution curve. Sieve analysis is to obtain the 
gradation of aggregate. However to find a single parameter that quantitatively 
characterize all aspect of the particle size distribution size is difficult. Shear strength of 
asphalt mixture resist to permanent deformation depends on the mechanical interlock of 
the aggregate skeleton especially stone structure of course aggregates. Rutting cause by 
loss of stability generally occur when gradation containing certain size fraction that use
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are excesses. It show that, if the mixture is dense-graded, strength to resist shear failure 
in the pavement and other aggregates layers that carry loads are increased greatly (EL-
BasyOUny and Mamlaouk, 1999). 
2.6	 Mineral Filler 
Fillers are usually defined as material passing the # 200 (0.075mm) sieve. It will 
usually consist have finely divided mineral matter such as fly ash, hydrated lime, finely 
ground limestone dust and ordinary Portland cement (Bindu and Bena, 2012). Fillers are 
added to paving mixtures to impart greater stability and strength. High amount of 
addition on filler will effect on mixing process and the asphalt mixture sample is easier 
to crack (Asmael, 2010) Filler fill voids between coarse aggregates in the mixture and 
will change the properties of binder because of the filler is acts as integral part of the 
mastic Two theories have been developed in an attempt to explain the stabilizing effect 
of fillers. 
According to the first one, fillers serve to fill the voids between aggregate 
particles, thereby increasing the density and strength of the compacted mixture. The 
second theory presumes that the fine particles of the filler become suspended in the 
asphaltic binder forming mastic. The suspended filler particles absorb binder 
components, thereby increasing the viscosity of the binder and, consequently, the 
toughness of the mixes. (Kok and Yilmaz, 2008). Testing result will changed if use 
different type of mineral filler. 
2.6.1 Portland Cement 
Portland cement is essentially a calcium silicate cement, which is 
produced by firing to partial fusion, at a temperature of approximately 1 500C°. 
Ordinary Portland cement is consist from limestone, clay and gypsum in a high 
temperature process. (Chih, Airey, and Shiuh, 2003)The use of Portland cement as a 
mineral filler cause high specific gravity.
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Figure 2.3: Sample of Lime 
2.6.2 Lime 
Kok and Yilmaz, (2009) stated that the most common methods to 
improve moisture susceptibility of asphalt mixes are by using hydrated lime or other 
liquid anti-stripping agents. It is because the use of lime can enhance the bitumen-
aggregate bond and improves the resistance of the bitumen itself to water-induced. 
Researchers have proved that the use of the dry weight of aggregate 1-2% can increase 
the moisture sensitivity of hot mix asphalt. Figure 2.3 shows the sample of lime. 
Figure 2.4: Sample of Lime
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2.7 Polymer 
Polymer is a molecule consisting of structural units called monomers. it usually 
correlates with chemistry covalent. The use of polymer is consist of inorganic and 
organic materials. Usually in asphalt mixture, polymer that were use is composed from 
inorganic materials. Common polymeric materials used in asphalt mixture is HDPE, 
LDPE, silica, Polyethylene Terephthalate etc. 
2.7.1 High Density Polyethylene 
The production of plastics waste is increasing day by day. The major 
polymers are namely polyethylene, polypropylene and polystyrene show adhesion 
properties in their molten state. The plastic coated aggregate bitumen mix and modified 
plastic bitumen forms better materials for flexible pavement construction as the mixes 
show higher Marshall Stability value and suitable Marshall Coefficient. Hence the use 
of waste plastics for flexible pavement is one of the best methods of easy disposal of 
waste plastics. The use of polymer coated aggregate is better than the use of polymer 
modified bitumen in many aspects. Studies on the thermal behavior and binding 
property promoted a study on the preparation of plastic waste-bitumen blend and its 
properties to find the suitability of the blend for road construction enhancing the life of 
pavement and delaying of its failure. 
Besides that, the additions of HDPE show that the performances are 
better than conventional mixtures. The moisture susceptibility and temperature 
susceptibility can be reduced by the inclusion of HDPE in the asphalt mixture 
(Attaelmanan, Feng and Al-Hadidy, 2011). High Density Polyethylene as much as 9% 
contain in modified mix will affect surface course and give high resistance to tensile 
stresses, deformation and reflection cracking that can be used as new design in 
pavement due to various traffic loadings and climatic condition. Figure 2.4 shows the 
sample of High Density Polyethylene.
Figure 2.5: Sample of High Density Polyethylene
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CHAPTER 3 
RESEARCH METHODOLOGY 
3.1	 Introduction 
Methodology can be defined as a systematic sequence of activities to solve a 
problem. There are some types of development methodologies that can be used to carry 
out a study and each approach chosen should be appropriate to the project developed. 
Methodology approach of the study is an important part in the study to achieve the 
objectives and goals. There is a variety of test to be carrying out in this project. Thus, 
the stage that must be taken in to conduct of asphalt mixture will be discussed in more 
detail by counter flow this chapter. 
This chapter can explain the detail sample preparation to produce modified and 
unmodified asphalt mixture and testing method. Besides that, the different percentage of 
HDPE and mineral will be added in the asphalt will influence the result of the testing. 
Mixture of bitumen and aggregate can produce asphalt sample according to ACW14 
PWD wearing course specification requirement. 
The Aggregate Impact Value and 10% Fines were applied to the aggregate for 
determine the impact value and the testing that were applied to bitumen is Softening 
Point and Penetration. This is for evaluate the grade of bitumen and determine the 
temperature a given bitumen reaches a certain degrees of softness. Indirect Tensile 
Modulus Test (ITSM) were carried out the control sample and modified sample using 
mineral filler Portland cement and lime.
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3.2	 Material 
In this research, the material that were used is aggregates, bitumen, HDPE 
pallets as asphalt mixture modifier. The layer of asphalt that want to modify on wearing. 
The gradation of aggregate and the bitumen content of asphalt were follow the 
requirement hot mix asphalt wearing course (ACW 14) in Standard Specification of 
PWD. Table 3.1 describe the recipe of wearing ACW14. The size of aggregate from 20 
ip
Table 3.1: Gradation Recipe 
Sieve Analysis, mm Passing by Weight, % 
20 100 
14 80-95 
10 68-90 
5 52-72 
3.35 45-62 
1.18 30-45 
0.425 17-30 
0.150 7-16 
0.075 4-10 
Pan
The grade of penetration bitumen that were used is 80/100. Quantity of bitumen 
used is 5% to 7% of the weight of the sample. This range is for wearing course in 
asphalt mixture by PWD standard specification which ACW14.The bitumen content of 
asphalt were use 7% medium of the bitumen content. In modified asphalt the HDPE 
used is in a pallet form. The size for pallet is 2.36 at the plastic recycling division. The 
mineral filler will use in asphalt is cement and lime. The different of mineral filler in the 
asphalt will influence the result of the testing. 
